Effects of insulin and insulin-like growth factor 1 on osteoblast proliferation and differentiation: differential signalling via Akt and ERK.
Insulin and insulin-like growth factor 1 (IGF-1) are evolutionarily conserved hormonal signalling molecules, which influence a wide array of physiological functions including metabolism, growth and development. Using genetic mouse studies, both insulin and IGF-1 have been shown to be anabolic agents in osteoblasts and bone development primarily through the activation of Akt and ERK signalling pathways. In this study, we examined the temporal signalling actions of insulin and IGF-1 on primary calvarial osteoblast growth and differentiation. First, we observed that the IGF-1 receptor expression decreases whereas insulin receptor expression increases during osteoblast differentiation. Subsequently, we show that although both insulin and IGF-1 promote osteoblast differentiation and mineralization in vitro, IGF-1, but not insulin, can induce osteoblast proliferation. The IGF-1-induced osteoblast proliferation was mediated via both MAPK and Akt pathways because the IGF-1-mediated cell proliferation was blocked by U0126, an MEK/MAPK inhibitor, or LY294002, a PI3-kinase inhibitor. Osteocalcin, an osteoblast-specific protein whose expression corresponds with osteoblast differentiation, was increased in a dose- and time-dependent manner after insulin treatment, whereas it was decreased with IGF-1 treatment. Moreover, insulin treatment dramatically induced osteocalcin promoter activity, whereas IGF-1 treatment significantly inhibited it, indicating direct effect of insulin on osteocalcin synthesis.